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Weight 
identification 3 4 1 3 8 
Silhouette 
puzzle 6 3 5 1 7 
 
D. Analysis of Results 
The research results show in photo-sharing and singing,  an 
increase in brain wave amplitude is mostly from the Alpha and 
Gamma waves. This means that the design of this question 
allows the subjects to concentrate on the activity in a relaxed 
state. The subjects showed great interest and even loved 
sharing their stories and singing nostalgic songs together. 
 
Basic questions in logic are suitable for patients with 
dementia, and patients with CDR1 are more suitable than those 
with CDR0.5. The Alpha wave and Beta wave amplitudes 
improved. This means that this question type was helpful for 
their logic, concentration, and memory. 
The basic and challenging questions in the calculations were 
suitable for CDR 1 patients with dementia. The Beta wave 
amplitude mostly increased, which means that this type of 
question improved the concentration and logic of dementia 
patients. 
The puzzle question type was favored by patients with 
dementia. The basic questions are more suitable for CDR1 
dementia patients, while the challenge questions were suitable 
for both CDR 0.5 and CDR1. This question type improved 
both the Alpha and Beta wave amplitudes of dementia patients. 
It means that subjects relaxed physically and mentally during 
training. 
In the weight identification question type, the brain wave 
amplitude was relatively unchanged. It is inferred that the 
difficulty and content of the question were not suitable for 
dementia patients.  
The silhouette puzzle question shows that the basic and 
challenging questions were suitable for dementia patients. 
Alpha wave amplitude decreased, while the Beta wave 
amplitude rose. It is inferred that this question type improved 
the concentration, memory, and logic of patients with 
dementia. 
Lawrence et al. [4] and Mecklinger et al. [5] proposed that a 
decrease of Alpha wave amplitude and an increase of Beta 
wave amplitude contribute to the improvement of 
concentration, while Knowles and Wells [6] pointed out that 
the amplitudes of both Alpha and Beta waves increase in the 
state of concentration. In this study, the amplitudes of Alpha 
and Beta waves both increased in the majority of patients with 
dementia during cognitive training. In most patients with 
dementia, both Alpha and Beta wave amplitudes increased 
during the state of concentration. The results show that the 
seven cognitive training questions, except the weight 
identification question, help improve the concentration, 




This study used cognitive training in a digital nostalgia 
system to analyze the brain waves of patients with dementia. 
The improvement of memory and logic is expected to have a 
positive effect on the delay of cognitive function degradation 
of patients with dementia. This research serves as a reference 
for the future development of technology-assisted applications 
for cognitive training of patients with dementia. The 
contributions of this study are as follows.   
 
1. Introduction of technology into cognitive training, thus 
eliminating regional barriers: Although there are many 
cognitive training-assisted technologies for patients with 
dementia, the introduction of technology is still rare in the 
market. In this digital age, cognitive training applications 
overcome regional barriers and enable the elderly to train at 
home, thus enhancing interaction with their families. 
 
2. In-depth analysis of the appropriateness of each type of 
cognitive training question: Current cognitive training 
research rarely focuses on the type of training questions, and 
most of them are comprehensive questions. The overall results 
are often observed after the experiment. If the fitness of the 
question type can be understood more specifically, then the 
training effect can be increased more effectively. 
 
3. EEG observation makes the results more accurate: In the 
past, many studies on patients with dementia generally focused 
on questionnaires, but patients with dementia tended to forget 
the test content and may have difficulties in expression. Thus, 
using EEG analysis helps more accurately understand the 
current situation of patients with dementia, thus making the 




This research was based on work supported by the Ministry 
of Science and Technology of Taiwan, under contract MOST 
109-2410-H-018-006 -MY2. The authors would like to thank 
the Changhua Christian Hospital for supporting this research. 
This study gives special thanks to the experts, participants, and 





[1] L. Garcia, A.cKartolo, & E. Méthot-Curtis, (2012). A 
Discussion of the Use of Virtual Reality in Dementia. In C. 
Eichenberg (Ed.), Virtual reality in psychological, medical and 
pedagogical applications, pp. 123-136. doi: 10.5772/46412. 
[2] G. Doniger, M. Beeri, A. Bahar-Fuchs, A. Gottlieb, & A. 
Tkachov, H. Kenan, A. Livny, Y. Bahat, & H. Sharon, O. 
Ben-Gal, M. Cohen, G. Zeilig, & M. Plotnik, (2018). Virtual 
reality–based cognitive-motor training for middle-aged adults 
at high Alzheimer's disease risk: A randomized controlled trial. 
Alzheimer's & Dementia: Translational Research & Clinical 
Interventions. 4. 10.1016/j.trci.2018.02.005. 
[3] M. Tabakcioglu, D. Ayberkin, H. Çizmeci, & B. Ülker, (2017). 
Measuring and Evaluation of Attention and Meditation Level 
by Using Neurosky Biosensor. 
[4] Prinzel, J, Lawrence, A. Pope, F. G. Freeman, M. W. Scerbo, & 
P. J. Mikulka, (2001). Empirical analysis of eeg and erps for 
pyschophysiological adaptive task allocation. 52. 
[5] A. Mecklinger, A. F. Kramer, & D. L. Strayer, (1992). Event 
related potentials and EEG components in a semantic memory 
search task. Psychophysiology, 29(1), 104-119. 
[6] Knowles, M. M., & Wells, A. (2018). Single dose of the 
Attention Training Technique increases resting alpha and 
beta-oscillations in frontoparietal brain networks: A 
randomized controlled comparison. Frontiers in psychology, 9. 
Investigation of the Usage of Oil Palm Harvesting Tools on Work Related 
Musculoskeletal Disorders of Lower Limb 
 
Shahrol Mohamaddan1,2*, Magdalene Andrew-Munot2, Shirley Johnathan Tanjong2,  
Siti Zawiah Md Dawal3, Keith Case4 and Akihiko Hanafusa1 
 
1Department of Bioscience and Engineering, College of Systems Engineering and Science, Shibaura Institute of Technology, 
337-8570 Saitama, Japan 
2Department of Mechanical and Manufacturing Engineering, Faculty of Engineering, Universiti Malaysia Sarawak,  
94300 Kota Samarahan, Sarawak, Malaysia 
3Department of Mechanical Engineering, Faculty of Engineering, University of Malaya, 50603 Kuala Lumpur, Malaysia 
4Mechanical, Electrical and Manufacturing Engineering, Loughborough University, Leicestershire, LE11 3TU, United Kingdom 




Worker’s health and safety are important for the plantation’s 
sustainable development. In the oil palm industry, the 
harvester is exposed to work-related musculoskeletal disorders 
(WMSDs) during the fresh fruit bunch (FFB) harvesting 
process. The objective of this study was to investigate the 
effect of harvesting tools namely chisel, pole, and loading 
spike towards WMSDs on harvester’s lower limb. Rapid 
Upper Limb Analysis (RULA) in the CATIA and Human 
Musculoskeletal Model Analysis (HMMA) in the AnyBody 
software was applied to model and simulate the harvester’s 
movement during the harvesting process. The RULA 
simulation results indicated that the harvester’s lower limbs 
were exposed to WMSDs where further investigation and 
changes were required immediately. HMMA results indicated 
that the Gastrocnemius Medialis muscle had the highest mean 
muscle force. This study is important as an early ergonomics 
intervention for occupational health.  
 
Keywords: oil palm, manual harvesting, sustainable 
development, RULA, HMMA 
 
Introduction 
     
The oil palm industry is the largest contributor to the global 
production of oils and fats. Malaysia is one of the biggest 
producers with five million hectares of oil palm is under 
cultivation [1]. In oil palm plantations, the harvesting process 
is crucial for producing high-quality oil [2]. The harvesting 
process needs to be conducted when the fruit is at optimal 
ripeness to obtain a high oil content level [3]. In total, the oil 
palm remains productive up to the age of 32 years [4]. 
However, harvesting oil palm fresh fruit bunches (FFB) is a 
laborious and hazardous task. In general, harvesters use three 
types of tools namely the chisel, pole, and loading spike for the 
harvesting process.  
Figure 1 shows the oil palm FFB harvesting by using a pole. 
The pole has a rounded design and a sickle cutter is attached at 
the end of it. The pole is usually used for trees above 3 meters 
in height. When using a pole to cut the FFB, the harvester is 
required to pull and push the pole strongly. In general, several 
pulling and pushing motions are needed in each session 
depending on the harvester’s skill. Both hands are normally 
above shoulder level and the body is leaning forward to 
perform the task. For trees lower than 3 meters, the chisel is 
usually used. The chisel is a rounded design tool with a 
trapezium cutter shape at the end of it. When using a chisel, the 
harvester needs to hold and swing the tool strongly. Normally, 
the knees are bending, and the body is leaning forward to cut 
the FFB using a chisel. The loading spike is used to lift and 
collect the FFB into the wheelbarrow. The loading spike is also 
rounded with a sharp edge at the end. When using a loading 
spike, the harvester’s body is bending forward to lift the bunch 
of FFB from the ground. Different body postures, repetitive 
work, and prolonged standing during harvesting the oil palm 
FFB may contribute to muscle fatigue [5].   
 
 
Fig. 1. Oil palm harvesting using the pole [6] 
 
Muscle fatigue was identified as a major factor that leads to 
work-related musculoskeletal disorders (WMSDs) [7]. WMSD 
is the condition in which the harvester undergoes fatigue and 
discomfort at their body parts where swelling, pain in the joints, 
and tingling happen [8]. It causes underlying damage to the 
tissue thus causing pain and disability of muscles [9]. 
Repetitive work is defined as an unvaried job with an extreme 
level of frequency in each period. According to Ref. [10], 
repetitions are conditional based on the work cycle. High 
repetitions happen when the worker motion cycle time is less 
than 30 seconds of the average cycle time [11]. According to 
Ref. [12], when a task is done repeatedly for more than 60 min, 
it could also be considered repetitive work. Prolonged standing 
can cause muscle-related disorders that can lead to lower back 
pain [13]. Based on research conducted by Ref. [14], 50% of 
healthy respondents reported discomfort in the lower back 
when exposed to more than 2 hours of continuous standing.  
Although many automated machines have been designed 
and developed [15], manual tools are still widely used to 
harvest the oil palm FFB due to cost-effectiveness. The 
objective of this study was to investigate the usage of different 
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